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(71) We, CORNING GLASS WORKS, 
1 corporation organised under the laws of 
the State of' New York, United States of 
America of Coining, New York, United States 
5 of America, do hereby declare the invention, 
-far which we pray that a patent may be 
granted iq us, and the mediod by which 
it is to be perfonnedj to be particularly 
described in and by the following stataacat: — 
10 This invention relates to fused oxide 
glasses, in particular ro such glasses when 
produced by the flame hydrolysis technique. 
It i? more particularly coricexned with such 
glasses comprising, at least in pan, at least 
15 one of GeO* P t O fl , TeO fl and Sb?0„ 

The flame hydrolysis techmqnc was orig- 
inally developed as a method of producing 
pure silica particles. If desired; these par- 
ticles might then be verified to form a trans- 
70 parent glass composed ementially of SiO*. 
Trie tficnnique comprise* passing the vapour 
of a hydrolysabie compound, e.g. silicon tetra- 
chloride, inro a burner flame of combustible 
gas to hydrolyse the vapour and decompose 
25 die hydrolysis product to form the correspond- 
ing oxide. This procsss is described in detail 
in United States Patent Nd. 2,272,342. 

The oxide panicles formed may be col- 
lected in particulate form (known as soar) 
30 and used as, e.g., fillers, extenders and pig. 
merits. They may also be pressed la a mould, 
or collected on a mandrel, to form a shape 
that can he consolidated and vitrified by 
further heat treatment. 
35 It has been found, however, that a glass 
body can be formed directly by carrying out 
the collection process in a furnace main- 
tained at a sufficiently high temperaturtr. 
Normally, a glass body may be formed by 
40 directly depositing particles, in vitreous form, 
on a base rotated in a chamber heated co a 
temperature of from 1750 to 1850 6 C In 
this way, the parudes are collected as a 
solid body 4 or bouIc> of dear transparent 
45 glass in a single process step. The obvious 
advantages of such direct vitrification and 
_galleg tion have led to the adoption of this 



technique as the standard commercial prac- 
tice in die production of fused silica glasses. 
In particular, the process is used for the 
production by flame hydrolysis of large bodies 
or boules of fused silica and Tjiania-daped 
silica. 

The desirability of introducing small 
amounts of additive oxides Into the fused 
silica gloss (known as doping) quickly be- 
comes apparent Techniques based on the use 
of mixed vapours are described in United 
States Patent Nos. ZJto&l and 2,326,059. 
A more recent patent. United States Pawn* 
No. 3,334,9^2, describes glasses produced 
in this manner which arc stated to contain 
different additives including up to 05V 
germania (GeO»). ' V /p 

It is customary to calculate glass com- 
positions on an oxjde basis. In a mulri-com- 
ponenr glass, the proportions are calculated 
on the basis of> or corresponding to, a raw 
material batch from which the glass is rocked. 
In the case of fused oxide glasses produced 
by the flame hydrolysis technique^ the raw 
materials, typically, are chloride vapours, 
Accordingly, unlets otherwise indicated, the 
relative proportions of oxides in a mixtd 
oxide glass of this type are calculated in 
conventional manner from the relative 
amount? of chloride vapours fed to the burner 
flame. 

The present invention arose from efforts 
made to study fused silica glasses produced 
by direct vitrification and containing a variety 
of different d opine These glasses included, 
inter alia, fused silica glasses containing GcO, 
as a dopant Substantial quantities of gcr- 
maniuni chloride (GcCI.) could be admixed 
with silicon tetrachloride. However, it was 
unexpectedly found that the resulting fused 
silica mass invariably contained less than 0.1% 
by weight, GeO, regardless of the amount 
of germanium chloride supplied to the mix- 
ture. For example, a chloride mixture, pro- 
portioned to produce a binary fused silica 
glass emiwinimj 7% by weight, GeO* actually 
produced a glass containing only approx- 
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imateiy 0.03% by weight, GcO t as deter- 
mined by chemical analysis. 

Subsequent studies with other additive 
mactrubj in particular P,Oa, Sb«0 A and 
5 TeOj, revealed that chase oxides behave m 
a manner similar to GeO* Thus, these oxides 
cannot be introduced mm • fused silica glass 
in any snbstantfal amount by ihe conventional 
procedure of direct vitrification and collection 
10 as a glass body. 

It may be theorised that the combustion 
flame temperature, combined with the overall 
furnace temperature of from 1750 to 1850 9 C, 
is sumaendy high that me oxides concerned 
15 tend to volatilise rather than vitrify., Avail- 
able vapour pressure dan tend to support 
such a theory* However, Rich dam also pre- 
dict similar Volatilisation, at least id a sub- 
stantial degree, at the lower temperatures 
20 successfully used fn accordance with the 
present invention. In any event, it was not 
possible to produce the present glasses by 
conventional fused silica ui eduction pn> 



25 It is, of course, known co produce binary 
GeOr— SiO» glasses by the conventional batch 
raclring procedure. For example, such glasses 
and the melting procedure for their prnducv 
don ore described in United States Patent 
30 No. 3,542,572. 

A particular feature of fused oxide glasses 
produced by flame hydrolysis is an impurity 
level considerably lower than that normally 
attainable to ordinary melted glasses. Far 
35 example, fused silica glasses are produced 
by this process with a cation unpority level 
below 10 ppm, by weight. In. contrast, the 
impurity level in even relatively pure melted 
glasses will be in die range of from 0,01 to 
40 04% by weight, i.c from 100 co 1,000 
ppm. The term "impurity" has its normal 
meaning as referring m a material that is 
not intentionally added and generally has an 
adverse effect upon The desirable properties 
45 of q product. By die term "cation impurity 
level', is meant the amount of transition 
metal ions, e,g. iron, which seriously interfeit 
with optical transmission. 
It has now been discovered that fused 
50 oxide glasses containing GeO a , T%0 Mf TeO a 
and/or Sb*Oj can be produced derpUe die 
fact that the conventional process of direct 
vitrification and collection has ptovea quite 
impractical with respect to these oxides. More 
55 particularly, it has been found mac such 
fused oxide glasses may be produced by. 
depositing the oxide particles as a porous 
body and then consolidating mis porous body 
to a solid non-porous body. The temperature 
60 must not exceed 1600 "Q. and should be main- 
tained, during consalickciaa, within a range 
varying between ihe minimum goneolidatiari 
temperature of a particular glass and 200 
deg C thereabove. 
6 k S The present invention therefore provide? 



a fused oxide glass, being either a teJiurace 
glass or a gas comprising ax least one oxide 
selected from GeO» ?*O s and Sb s O^ com- 
prising GeO, p P,0 4J SbjOa or TeO, in 
an amount in excess of 0.1% by weight, and 70 
having a cation impurity level, at hereinbefore 
defined, not exceding 10 ppm, by weight 

The invention also provides a method of 
making such a glass comprising: 

(a) entraining in a gas stream at least 75 
one vaporizabfe compound, at least one of 
which may be convened, by flame hydrolysis 

and decomposition, into GeO flJ P^O*, TcO t 
or SbfcOj in an amount in excess of 0,1% by 
wdghr, 80 

(b) passing the gas stream into the flame 
of a combustion burner; 

(c) 'HN^ing me resulting oxide in par- 
ticulate form; 

(d) shaping the oxide particles as a porous 85 



(e) heating the said shaped body to con- 
solidate the porous body to a non-porous 
glass body; and 

(f) maintaining me particle Temperature at 90 
not more than ltfOO'C, and at nor mote than 

200 deg C above the minimum consolidation 
temperature of the porous body, during the 
dcpDsirion and consolidation steps. 

The simplest form of die present invention 95 
is a glass composed entirely of one of the 
indicated oxides, other man TeO a . Such glass 
may be produced from any vapourizablc com- 
pound that hydruiysea and converts to the 
oxide in a combustion burner flame. Nor- J 00 
miUy v the chloride is employed because of 
ready availability, convenience and cost. How- 
ever, other suuable compounds will be read- 
ily apparent to one skilled in the art. A 
compatible carrier gas is passed through a 205 
container of che chloride, or other selected 
vapourizable compound, to entrain che com- 
pound in vapour form and carry ir to the 
combustion burner. The gafi-vapcur mixuire 
is passed into the burner and through the 110 
burner flame to be hydrolyaed and decom- 
posed to me corresponding oxide. 

The present maiiufacxuring practice, 
wherein the oxide pa aides are deposited to 
produce a transparent glass body cUrccdy, is 1 15 
quite Impractical for the present glasses. It 
is possible, by dose temperature control, oo 
collect a small amounr of an oxide in vitreous 
form, but the amount lost is too large for 
such procedure to be practical. Furthermore, 120 
any attempt at campositiofl coutrol in a mix- 
ture is extremely difficult 

Instead, the oxide must be collected in 
particulate form as a porous body composed 
of densely-packed, vitreous panicles. This 1 25 
may be accomplished in a heated chamber, 
providing mac consolidation of the parti dej, 
as formed and deposited,, is avoided. How- 
ever, the particles may also be colIecte4 at 
mom or ambient temperature and* mis fs gen- ] 30 
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erally preferable for obvious reasons. 

The paniculate, poron* body thus formed 
is now consolidated to a aoo-porous, body 
of caneipondlne shape, bar smaller size by 
heat treatment In accordance with the present 
invention, the temperature of such treatment 
must nor exceed 1600'C. Furthermore, ft 
should not exceed rhe temperature range ex- 
tending ZOO deg C above the minimum 
cotuolidaugn temperature for the glass. The 
larar is the minimum temperature at which 
a body composed of oxide parades tan he 
consolidated to a non-porous body within a 
period of one hour. 

\ The temperature limitation is parricularfy 
important in producing single oxide glasses 
m accordance with die invention since there 
is not interaction or bonding that prevents 
oxide loss. Accordingly, the oxide simply fails 
to deposit and is lost at higher temperatures. 

Practice of this embodiment of me inven- 
tion is particularly described with reference 
to production of a pure GtO t glass. 

A stream of dry nitrogen, acting as a 
carrier gas, was bubbled through a constant 
level tank containing liquid , GeCL at the 
rate of 1200 cc./min.; the GeCL bang main- 
tained at a temperature of 45°C Tnis Ne— 
Ot<\ mature wsb passed through a com- 
bustion burner wherein * blend of natural 
gas and oxygen was provided from a stream 
of natural gas flowing at 4000 cc/min. and 
a stream of oxygen also flowing at 4800 
cc/min. 

A 100% GeO, glass, fabricated into a 
rod, 5 indies in length and 5 mm, in diameter, 
through conventional glass melting and re- 
drawing practice, war posidoned approx- 
imately 5$ inches from me face of the burner 
an a. bait or support for die deposit of GeO, 
parades qr soot. Such a glass rod was ufiUted 
to avoid extensive mismatch in thermal ex- 
pansion coefficient with the soot being de- 
posited. The bait was recanted in a manner 
to permit rotation and translatory movement 
thereof. During deposition of the oxide par- 
tides, the G*<3* gjiss rod was rotated at 60 
rpm and translated in a rcdprocatoTy motion 
under the burner at a rate of 12 mcnes/min. 
After two hours j a relatively dense, porous 
body of particulate GeO B .waa produced hav- 
ing a diameter of approximately two inches. 

The gas streams to the burner were then 
stopped and the coated support introduced 
longitudinally into an dectric furnace operat- 
ing at 950°C. and containing a hdium at- 
mosphere therein. The rate at which die 
composite body was introduced inm the fur- 
nace wag 1/4 inch/min. to ensure sound 
progressive consolidation. The final sintered 
body had a diameter of approximately \ inch 
and appeared to be optically dear with essen- 
tially no gaseous indusions. 

The present invention also relates m glasses 
in binary systems wherein two of the indi- 
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cated oxide* ere mixed together. For example, 
glares m use binary systems GeO^SbjO, 
and GrO,— P 4 O f can now be made using 
mis technimK. These may be produced by 
encrammg vapours of suitable vaporizahle 
compounds and fanning a properly propor- 
tioned mixture of such vapours. This com- 
taned stream is introduced to the combustion 
burner where the vapours arc hydrolysed and 
decumonsed to the corresponding oxides. For 
example, glasses J n the GeO«^Sb,0.' sya- 
tem may be produced by mixing vapours of 
geranium > djloride (GeO,) and anrimony 
dUonac (SbO,) in desired proportions and 
passing the gas stream containing, such mixed 
vapours through a suitable combustion burner 
flame in the manner described above. Again' 
the parades arc collected as a porous body 
and this is consolidated at a temperature ttau 
should nor exceed 200 deg C above the 
minimum sintering temperature for the given 
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Pethaps the most significant feature of the 
invention, however, Is the provision oi binary 
glass systems wherein one of the oxides used 
according to the present invention is mixed 
with a second oxide which is not of a volatile 
nature ' Of ©articular interest is the binary 
svsism GeOs — SiOj. In producing these 
glasses* the vapour of a suitable compound, 
such as GeCU, is mixed in calculated propor- 
tions With the vapour, or other suitable source 
of a second oxide, such as SIC1,. This mix- 
ture is then introduced into the flame of a 
combustion burner, in accordance with known ioo 
procedures, to product the desired oxide 
mixture. 

This embodiment of the invention is here- 
after described in rerms of a silica glass 
system, more particularly the GcO t — SjO s [05 
system. However, it will be appreciated that 
it also indudes other binary glass systems and 
further extends to ternary and other multi- 
axide glass systems The limiting criteria are 
that die glass which is produced by the flame 110 
hydrolysis technique, contains not more than 
10 ppm cation impurities, indudes at least 
one oxide sdected from GeO tJ Sb,0 B> TeO* 
and P,0 S and also '"HtVt at least one addi- 
tional oxide. The additional oxide must, of US 
course, be compatible, in die sense of forming 
a glass, with the selected oxide. Within this 
nmimtiofl, it may be any oxide capable of 
being produced by the flame hydrolysis pro- 
cedure. These indudc SiO f) TiO, a A£o aj 120 
Ta.O„, and Nb»O a , ab well as the various 
oxides disclosed in U.S. Patent No. 3,801,294. 

According to the present invention, it is 
desirable to consolidate the porous body by 
gradually passing the body through a zone 125 
or line of maximum temperature. Ia this 
manner, the bodji is gradually consolidated 
from one extremity to another with pasw 
in the poxes progressively being forced ;nji 
of the body and not trapped therein. This 130 
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ensures a dear, transparent body without phy- 
sical defects That might interfere with smooth 
Light transmission. 
The invention is further illustrated with. 
5 reference to specific embodiments thereof and 
with reference to the actropanytog drawing 
wherein: 

FIGURES 1 and 3 are graphical illus- 
trations stowing the felan'onship between re- 
10 tractive index and aside proportions in certain 
binary glass systems, and 

FIGURE 2 is a graphical illustration show- 
tog the relationship between the minimum 
sintering temperature sold oxide proportions 
15 in the GeO ft — SiOj system. 

Fund oxide glasses in the GeO* — SiO x 
binary sysoan are of particular interest be- 
cause of the relatively rapid rate at which 
the refractive index of die glare mmun 
20 with increased proportion of GeO* to SiO, 
in the glass composition. This Is of particular 
interest in the production of fibre optic de- 
ments m which glasses of differing refractive 
indices are combined to achieve the desired 
25 - light transfer in known manner. At the same 
time, it is highly desirable to use glasses 
of similar chemical composition and having 
similar physical properoes, as weO as ex- 
tremely high chemical purity* 
30 Heretofore, glasses in the xlO*— 8iO 0 sys- 
tem have been employed. However, as des- 
cribed in United Kingdom Pamac No. 
1,213,6^, these have not been entirely satis- 
factory because of the instability of the titan- 
35 ium ion valence state. The Geb 8 — SiO f sys- 
tem glasses avoid this type of instability. 

FIGURE 1 of the drawings is a graphical 
illustration wherein the weight percent of 
GeO, in GeOi— SiO* glasses is plotted along 
40 the horizontal axis. Thus, the horizontal axis 
depicts glasses varying in composition from 
pure SiO* at the left-hand side of the graph 
to pure GeO* at die right-hand side or the 
graph- The ittfracrive index at the waveleagth 
45 of the sodium D line (n&>) is plotted along 
the vertical axis of the graph. Specific glass 
compositions which were produced, and upon 
which actual refractive index measurements 
were made, are indicated by small drds on 
50 the graph. 

FIGURE 2 of die drawings is i graphical 
illustration in which glass compositions in 
the GcOi — SiO a system are plotted along the 
horizontal axis in the Tame manner as in 
55 FIGURE L In FIGURE 1 the nurumum 
consolidation temperatures for the GcO a — 
SiO 2 glasses ore plotted on the vertical axis. 
Id accordance with preceding description, this 
graph shows the minimum Temperature at 
GO which a porous preform body of indicated 
composition can be heat treated to convert 
it to a dear transparent glass body of cones* 
ponding shape within a period of one hour- 
Ic will be observed that these temperatures 
65 vary from approximately 90D"C for pure 



GeO, to approximately 1400° C for pure 
SiOt, ail temperatures being substantially 
below 1600°C which is amsxdcrerj critical 



to avoid subsmntial Jon of GeO,. Again, 
aides on the graph indicate actual tempera- 70 
ture determination* made for specific glasses 
having die indicated compositions. 

It will be understood that the 1600° C. 
consolidation temperature does not 
imply that all glasses can be successfully con- 75 
soh'dflted at or near this tempera lurt. Titus } 
glasses having a rninimiim consolidation tem- 
perature in the range of from 900 to 1100°C. J 
as indicated in FIGURE 2, should generally 
not be subjected to substantially higher temp* $0 
er&njre* than from 1100 to 1300 9 C. At higher 
temperatures, there is a tendency far the 
gjess to slump or lose shape as well as 
undergo materia] lo& by volatilisation- 

The production of glasses, such as referred 85 
to in FIGURES 1 and 2, is illustrated by 
reference to a specific glass composed of 10% 
by weight, Gc0 4 and 90% by weight, SiO z , 

A stream of dry nitrogen was bubbled bl 
a rare of 3600cc./min. through a constant 90 
level tank containing a mixture of Gc Cl v 
and SiCU liquids maintained at a temperature 
of 35°C The liquid chloride mixture was in 
the proportion of 24.6% by weight* GeCL 
co 75.4% by weight, SiC£. The nitrogen 95 
stream passing through the chloride mixture 
entrained a mixture of vapours having a 
cornposhion of 11% by weight, GeO, and 
89% by weight, SiCL. The mixture thus 
produced was piped to a combustion burner 100 
and passed through such a burner into the 
flame of a natural gas-oxygen mixture fed 
to die burner. The chloride vapours were 
hydrolysed and decomposed in the flame to 
form a GeO f — SiOi soot, or oxide partide 105 
mixture! having a composition of approx- 
imately 11% by weight, GeO, and fl°% by 
weight, SiO*. 

A fused silica rod, 5 inches in length and 
5mm in diameter, was positioned / indies 110 
from the face of the burner as a. support 
upon which me oxide, or soot, particles were 
deposited from the flame. This fused silica 
support was mounted in a sui table holder 
so that it was rotated at 60 rpm. and, at 
the same time, translated back and forth 
under the burner at a rate of 12 inches per 
minute. In this manner> a uniform deposition 
of soot took place over the surface of the 
support rod. The soot was deposited for a 120 
period of two hours to form a dense* porous 
body approximately 2 inches in diameter and 
5 indies in length. 

The oxide deposition was then dUcon- 
tinncd, the body removed, and introduced 125 
into an electric furnace at a rate of 1/4 inch 
per minute. The furnace, with a helium at- 
mosphere, was maintained at a maximum 
temperature of 1400°C and the body was 
progressmly consolidated as it was intra- 13Q 
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duced into The furnace. The result was a 
dear, high quality glass substantially free 
from gaseous inclusions and having a dimeter 
of approximately 1 inch and a lengm of 
S approximately 5 inches. Chemical analgia 
showed me gjass ro have a composition of 
«g£ by weight, GcO, and 90°/ by weight 

A fused silica support w&a employed for 

|0 collection of the oxide parades because of 
its low expansion Coefficient. Such material is 
aisiamarily used in collecting oxide wot for 
glasses containing up to 20% by weighty 
GeO«. la the case of larger amounts of 

15 GeO a being present, die glass expansion in- 
creases sufficiently so that it is preferably 
%Ai^ n 5c^> a ophite or muni* 
(MljO s .2Si0 2 ) supporting member. Vith 
stul larger proportions of GeO a , particularly 

20 above 80% by weighs of this on'de, fc is 
desirable to employ an alumina support rod 
or omer body. It may be noted that the 
mermal expansion coefficient, (25— 30O°C), 
of fused eermania glass, that is a glass com- 

25 posed entirely of GeO a , is BB * lO-Vdee C 
whereas the 10% GeO a g| aM 0 f the example 

has a thermal expansion efficient (25 

300*C) of 10 y 10-'/dcg C ^ 

_ Wl Birailar manner, an optically drqr, glass 

30 blank, 1 mch in diameter and 6 inches in 
length, was produced from a glass having a 
composition of 5% by weight, Sb 3 O a and 
by weight, SiO„. l n this case, the SiCl 
was maintained in a container at a tempera. 

35 rare of 35°C while Sod, was maintjJned, 
" ■ BC Pft»te container, at a temperature of 
BO C. Dry o*ygcn was used as the aimer 
gas in each case. It was bubbled through the 
SiCL container at a rate of 6500 cc/mii 

40 and through the SbO. contain* at i rate 



of 12,000 cc./min. to provide a vapour pick- 
up of desired magnitude from each con- 
tainer. The separate gas-vapour streams were 
comforted and passed through a combustion 
burner m which a gas-oxygen mixture was 45 
provided from a gas stream flowing at 4900 
rc./nun, and an oxygen stream flowing at 
2700 cc/min. The porous body, produced 
by collecting the soot from the oxides formed 
ui the burner flame, was introduced into a so 
furnace operating sic 1300'C, in wc WflJiner 
acscrioeo: above. An optically dear gUss 
body resulted which, when chemically analy- 
zed, exhibited a composition of 916% bv 

W ^ S°* flad 4 & SbX 55 

In Tables I and II data forleveral addi- 
Hdnal passes which are Examples of glasses 
according to the invention are grvaL The 
first column in each Table identifies the 
yaporuable raw materials employed, while 60 
the second column indicates the respective 
temperatures at which these materials were 
maintained for vapour pick-up. In the 
Example of Table I, me raw materials were 
maintained m separate containers and the 65 
third column of that Tabic shows the res- 
pective rates of flow of orygen carrier gas 
through each container in terms of cc/min. 
x 10*. In Table ,n ? a rmimirt of the raw 
materials was employed and the third column 70 
in this Table shows the composition of the 
mixture in weight percent. In each instance, 
a porous body was produced and die fourth 
column of each Table states the temperature, 
in degrees C v at which this body was ther- 75 
mally vitrified to a gloss. Finally, the oxide 
system and the analyzed composition of each 
glass produced, in percent by weight on an 
oxide basis, is shown for each Example. 
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FIGURE 3 is a graphical illustration cor- 
responding to FIGURE 1. The refractive 
index (ruO is plotted along t he y rical axis, 
while glass composttfon is plotted along jthc 
5 horizontal axis. Each line r ep re sen p a dnfer- 
ent binary glass system witb the numerical 
valnea on die horizontal axis showing the 
percent, by weight, of the second component 
of the system* The weight of me first com- 
[0 panent, of course, is 100 minus the weight 
of the second component* The symbols In 
each case rtpresen I 4 glass composition 
actually melted and measured. It is readily 
apparent that the present invention not only 
15 provides a vide variety of new glass systems 
Thar can he produced by flame hydrolysis, 
but furthermore provides 9 variety of glass 
systems that axe particularly useful be came 
of thai* variable iefiictive ind wrt s. 
20 By way of further UhiBtntmg the unusual 
and tin expelled results achieved by the in- 
vention, reference is made to a series of 
experiments in which oxide mixtures were 
produced by different flame hydrolysis grace- 
25 duies. In each case, an identical mixture 
of GeO, and SiCl 4 vapours was introduced 
into the dame of a combustion burner. The 
mixture, composed of 16.21% by weight, 
GeCi 4 and B3.7*% by weight, SiO,, was 
30 entrained by passing oxygen through the 
GeCL — Si<X mature, in b constant level 
container, at 35* C 

Initially, the oxides produced in the flame 
were deposited on a support table roMiing 
35 within a furnace chamber maintained within 
the temperature range conventionally used 
for fused silica glass production by direct 
vitrification. When the resulting bade was 
removtd after a few hours of deposition 
40 and analyzed, it was found to be aimofit 
pure SJO a . , 

In an effort to hold the GeO* in me 
silica glass, the deposition and vitrification 
chamber was maintained at a temperature of 
45 approximately 1690° C. Again the mixed 
oxide were produced under essentially iden- 
tical conditions, and deposited on the rotat- 
ing support for a period of 5£ hours to 
form a glass bade. Glass quality was very 
50 poor in an optical sense. The oxides vitrified, 
but tended to form vertical cdtuiras wich 
boundaries that distorted light transmission. 
This is a condition known in the art as 
"elks* Teeth". Furthermore, chemical analysis 
55 showed 0.026% by weight, GeO, rather man 
the theoretical 636% by weighs GeO,. 

Thereafter, me oxides formed were col- 
lected outside the furnace chamber in the 
particulate form known as "soot". When this 
60 soot was analyzed a cement of 4*70% by 
weight, GeOa was found. A sample of soot 
was then collected as a shaped body and 
Introduced, during a period of \ hour, into 
a furnace having a maximum temperature 
65 OF 1550°C. to gradient fire the body. The 



body Was removed and found to be a com- 
pletely wined glass body having fiogd -'P 
rical quality and an analytical content of 
4-70% by weight GeOt, 

The precise reason why me invention works 70 
is not readily apparent Differential volatility 
may be advanced as an explanation* However, 
vapour pressure data do not fully support 
this. This may he seen from the -following 
Table which sets forth the approximate hoiU 75 
ing point, and the approximate temperature 
corresponding co a vapour pressure of 100 
mm. Hg for each oxide fexotpt TeO, where 
hmKag point data arc not available), 



Oxide 

GeO, 
P.O, 
TcO* 
SbjO, 



Tsbk Hi- 
Boiling 100mm. pressure 
point (°C) (°C) 



1700 
600 

1570 



1550 
500 
1100 
1000 



It will be appreciated that a vapour pres- 
sure of 100 mm. Kg is sufficiently high 
mat substantial volatilisation should also be 
expected at a temperature corresponding to 
that pressure. Nevertheless, this expected loss 85 
is not encountered when, for example, GeO„ — 
Si*O s glasses are consolidated at a temperature 
corresponding to such vapour prcssurr. 

It is believed that volatilisation does tend 
to occur in ihe single oxide type g]a±>s>, -& 
a pure GeO, or Sb 2 0 a glass. Furthermore, 
it may occur in a mixed glass such as GeO K — 
SbiO, glass. Hence, it is necessary to mini- 
mize both the collection and die consolidation 
tempera cures to avoid material loss. In par- 95 
tjaJsLr, at Temperatures greater than 200 deg 
C above the minimum consolidation tempera- 
ture, the degree of loss becomes so grcar 
chat collection and/or consolidation are im- 
pracricaL l°° 

Contrary to this, however, it is believed 
that volacQisaDoa loss, to a substantial excenc 
at leastj doe; not occur in a binary or moic 
complex system Involving a metal oxide other 
than the four statedly volatile oxides used 105 
according to the present invention, despite 
the fact that vapour pressure is relatively 
high at the consolidation temperature. It is 
believed that an interaction or interbonding 
occura that limits volatilisation. Thus, the 110 
GeO, — SiO a glass may be consolidated at 
1550° C. without the expected loss. However, 
as the temperature is further increased this 
bond weakens and the effect is lost rapidly, 
with the result that substantially complete 115 
loss of GeO, can readily occur below 1700°C. 

WHAT CLAIM IS: — 

1. A fused oxide gU$h being either a 
tcUoratc glass or a glass comprising at least 
one oxide selected from GeO,, P 3 0 M and 120 
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SbaOj, comprising GeO,, P»0,, SbA or 
TeO, in an amount in excess of 0.1% by 
weight, and having a cation mipurity IeW, 
as bcranbefore dLefined, nor g*«Hm g 10 
5 ppm, by weight 

2. A glass as claimed in Claim 1, which 
consists of % single oxide. 

3. A glass as claimed in CJaim I, in 
which the said oxide is GeO,. 

10 4. A glass as claimed in Claim 1, which 
comprises at least one additional compatible 
njridc, 

5. A glass as claimed in Claim 4, com- 
pnsiag GeO.— SiO c> SbtO^SiO,, P t O,— 

15 SiO^ GeO,— TiOx pr P a O,— TiO,. 

6. A glass as claimed in Claim 1, sub- 
stantially as herein described. 

7. A glass as claimed in Claim 1, sub- 
stantially 93 herein described with reference 

20 to any one of me Examples. 

B. A method of making a glass as claimed 
in Claim 1, composing: 

(a) entraining in a gas stream at least 
one vaporizable compound, at least one 

25 of which may be convened, by dame 
hydrolysis and decomposition, into GeO„ 
P z O a , TeO, or Sb x O B in an amount in 
excess of 0-1% by weight, 

(b) pissing the gas stream into the flame 
30 of a combustion burner, 



(c) collecting the resulting oxide in par- 
ticulate form, 

(d) shaping the oxide particles a* a porous 
body, 

(c) heating tfte said shaped body to eon^ 35 
sohdntB the porous body to a non-porous 
glass body, and 

(f) mainlining rhe particle Temperature 
at not more than 1600* C, and at not more 
than 200 deg C above rhe minimum con- 40 
salidadon temperature of the porous body, 
during the deposition flna < consolidation 
step*. 

9. A method as claimed in Claim 6, sub- 
stantially as herein described. 45 

10. A method as claimed in Claim 8, 
substantially as herein described with refer- 
ence to any one yf the Example*. 

11. A glass when made fay a method as 
claimed in any of Claims 8 to 10. 50 
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